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Abstract 
This paper accounts for a study to analyze of the influence of algebra as a procedure for problem solving among compulsory 
secondary education students. The investigation aims to examine the procedures chosen by compulsory secondary education 
students to solve mathematical problems which can be solved both by algebraic and arithmetic methods. Furthermore, it also 
pursues to relate the methodological tendency identified with these learning strategies. The research has been conducted in 
different public schools located in The Basque Country (Spain) and collects data from 215 students using a questionnaire that 
comprised of three mathematical problems which could be solved by both arithmetic and algebraic procedures and, additionally, 
the Motivated Strategies Learning Questionnaire. The conclusions highlight the role that contextual situation plays to encourage 
students to use algebraic procedures and the relationship between the learning strategies and the tendency to utilize algebraic 
methods. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
This paper accounts for a study undertaken at The University of The Basque Country (Spain) to analyze of the 
influence of algebra as a procedure for problem solving among compulsory secondary education students. 
Moreover, it also presents an assessment carried out regarding the relationship between the learning strategies and 
the tendency to rely on algebraic procedures when solving mathematical problems.  
More specifically, this investigation aims to examine, on the one hand, the procedures chosen by compulsory 
secondary education students to solve mathematical problems which can be solved both by algebraic and arithmetic 
methods and, on the other hand, to relate the methodological tendency identified with these learning strategies.  
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2. Objectives 
This research consists of a preliminary attempt to try to pave the way to a better comprehension of the 
understanding of how algebraic procedures are interiorized during secondary education.  
To this end, the research proposes the following objectives: (a) to look into the thinking strategies that students in 
compulsory secondary education use when attempting to solve algebra related mathematical problems; (b) to 
examine whether there is a relationship between the tendency to use algebraic procedures and th
strategies and, finally, (c) to analyze whether any gender differences appear relating both to the use of algebraic 
procedures and the learning strategies. 
3. Methods 
The research has been conducted by collecting data from 215 students enrolled in compulsory secondary 
education levels (14-16 year old). 
The arithmetic-algebraic tendency has been evaluated by means of three mathematical problems which could be 
solved both by arithmetic and algebraic procedures (Stacey & MacGregor, 2000). The level of difficulty of these 
three problems progressively increases regarding the solution by both arithmetic and algebraic methods. 
Karabenick (2011). Gender, educational level and age were also gathered by means of an anonymous survey. 
 All the data was collected during the 2010-2011 academic year in different public schools located in The Basque 
Country (Spain) 
To process data, and given that the sample did not match the requirements to use an ANOVA analysis, 
nonparametric Kruskal Wallis H-test was the chosen statistic procedure for the comparison of averages. The level 
of significance used in the investigation was p<0.05 and the statistical work was done using the SPSS version 18 
software. 
4. Results 
The results of the investigation are presented below. 
Table 1 presents the frequency of the number of problems solved by algebraic procedures in the sample studied 
(N=205).  
Table 1: Frequency of the number of problems algebraically solved 
 N % 
None of the problems 17 8.3 
One 39 19 
Two problems 44 21.5 
Three problems  105 51.2 
 205  
 
Moreover, table 2 displays the frequency of the utilization of algebraic procedures to solve the first and third 
problem, respectively. 
Table 2: Frequency of algebraic procedures in the cases of first and third problem 
 N % 
The first problem 128 62.4 
The third problem 167 81.5 
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Additionally, table 3 shows the frequency used regarding the case that the third problem is solved algebraically 
while the first one is answered by non-algebraic procedures (N=77). 
Table 3: Frequency of the case that the third problem is algebraically solved but not the first one 
 N % 
Algebraic procedures in the 3rd problem but 
not in the 1st one 51 66.2 
Other cases 26 33.8 
 77  
. 
Table 4: Statistic descriptors for the subscales related to the analysis of the learning strategies (N=205) 
 M SD 
Rehearsal 2.97 0.90 
Organization 2.50 0.88 
Elaboration 2.67 0.84 
Planinng 2.62 0.82 
Monitoring 3.40 0.74 
Regulation 3.76 0.74 
Time & study environment 
management 3.59 0.75 
Help seeking 3.03 0.79 
 
With respect to the analysis of the relationship between the number of problems solved and the different 
subscales related to learning styles, table 5 displays the statistic descriptors on those cases which show significant 
differences (monitoring: Kruskal Wallis H-test=7.89[3]; p<0.05 and regulation: Kruskal Wallis H-test=7.91[3]; 
p<0.05). 
Table 5. Statistic descriptors for monitoring and regulation subscales considering the variable of the number of problems solved by algebraic 
procedures 
  N M SD 
Monitoring 
None of the problems 17 3.03 0.95 
One 39 3.20 0.80 
Two problems 44 3.41 0.63 
Three problems 105 3.52 0.69 
Total 205 3.40 0.74 
Regulation 
None of the problems 17 3.22 1.02 
One 39 3.60 0.92 
Two problems 44 3.85 0.66 
Three problems 105 3.87 0.58 
Total 205 3.76 0.74 
Finally, Table 6 presents statistic descriptors of those learning style related subscales which demonstrate 
significant differences considering the gender variable (rehearsal: Kruskal Wallis H-test=5.58 [1]; p<0.05 and time 
and study environment management: Kruskal Wallis H-test=17.93 [1]; p<0.01). 
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Table 7. Statistic descriptors for Rehearsal and Time & study environment management subscales considering the variable gender 
  N M SD 
Rehearsal 
Female 103 3.11 0.86 
Male 102 2.82 0.91 
total 205 2.97 0.90 
Time & study environment 
management 
Female 103 3.78 0.73 
Male 102 3.39 0.70 
total 205 3.59 0.74 
5. Conclusions 
The first objective of this study is to examine the strategy that the students in the second level of compulsory 
secondary education that comprise the sample, use in order to solve three problems typically those to be solved by 
algebraic procedures in the corresponding educational level. 
The first problem, which can be easily solved by arithmetic strategies, is solved arithmetically by 37.6% of the 
individuals in the sample. Additionally, the third problem, which is supposed to be difficult to sole by arithmetic 
procedures, is solved by 18.5% of the students. 
It is worth noting that 66.2% of those who chose an arithmetic strategy to solve the first problem selected an 
algebraic procedure to solve the third problem. This idea suggests that the choice of arithmetic strategies is not 
related to a lack of knowledge regarding the algebraic techniques but to the fact that this strategy turns out to be 
 
In this regard, Jennings y Dunne (1996) claim to reduce the complexity of mathematical problems and also 
extend in time the use of informal (arithmetic) in order to facilitate the task the students.  
Stacey and MacGregor (2000) suggest that when teachers present algebraic strategies to solve simple problems as 
a way to prepare students to solve more complex problems, what is actually happening is that students are being 
encouraged to continue using intuitive procedures instead of moving on to algebraic methods. These authors also 
ven 
that most of the problems proposed in school books can be easily solved by using arithmetic procedures. 
Consequently, they propose that, in order to appreciate the significance of algebraic strategies, the problems that 
students have to deal with learning algebra should not be easy resolved without the utilization of algebraic 
procedures. 
Khng and Lee (2009) also indicate that the persistence of arithmetic strategies might become a significant barrier 
when attempting to grasp algebraic procedures to solve mathematical problems.  
Moving on to the second objective related to the relationship between learning strategies and tendency to use 
algebraic procedures, this study points out a significant and positive connection between monitoring (the control and 
knowledge that pupils have regarding their own cognition process) and regulation (the competence that students 
express to supervise the own cognitive effort during difficult mathematics tasks, avoiding lack of attention) the 
subscales with the utilization of algebra. This finding suggests a direct linkage between the metacognitive strategies 
and the cognitive effort that algebraic thinking demands in terms of abstraction activity. 
Flavell (1979) defines metacognition as a dynamic and complex awareness of their own mental processes and in 
this sense, the data presented in this research pave the way to the idea that metacognition may foster learning, in this 
case, related to the use of new strategies (algebra) to solve mathematical tasks. 
Finally, with respect to the third objective connected to the study of gender differences, it is worth noting that 
female and male score differently in the subscales rehearsal and time & study environment management. This data 
may suggest that women express a more significant tendency, on the one hand, to study by repetition and, on the 
other hand, to seek support regarding the learning process.  
To summarize, the data provided in this study indicate some interesting line for future research. Regarding the 
strategies for problem solving, it is worth noting that we have detected different kinds of arithmetic and informal 
616   Javier Gasco and José Domingo Villarroel /  Procedia - Social and Behavioral Sciences  46 ( 2012 )  612 – 616 
reasoning which could be a significant research objective in order to achieve a more in-depth understanding of the 
thematical problems. Additionally, this understanding should help 
when designing educational interventions that attempt to encourage students in their compulsory secondary 
education level to use algebra. With respect to the learning strategies, it seems to be necessary to examine more 
carefully the factorial distribution of the subscales that the questionnaire used in this study. 
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